The behaviors of structural systems are generally described with ordinary or partial differential equations. Finite Difference Method (FDM) mainly replaces the derivatives in the differential equations by finite difference approximations. It can be said that finite difference formulation offers a more direct approach to the numerical solution of partial differential equations. In this study, matrix approach is proposed for structural analysis with FDM. The system analysis procedure including stiffness matrix development, applying boundary and loading conditions on a structural element is proposed. The interacting points group is determined depending on the differential equations of the structural element and system rigidity matrix is generated by using this dynamic points group. The proposed algorithms are developed for Euler Bernoulli beams in this study because of its simplicity and may be enhanced for any other structural system in future studies by using same steps. 
Introduction
Finite difference method (FDM) is a technique for the numerical solution of ordinary and partial differential equations. It provides a mathematically simple and easy way to implement computationally method to solve higher order ordinary and partially differential equations. FDM schemes were first used by Euler to find approximate solutions of differential equations. After 1945, systematic research activity of FDM has been strongly developed when high-speed computers began to be available. Today, FDM provides powerful approach to solve ordinary or partial differential equations and is widely used in any field of applied sciences. By using FDM, equations with variable coefficients and even nonlinear problem can be easily solved. There are many studies about FDM applications for different engineering problems in literature (Forsythe and Wasow, 1960; Chapel and Smith, 1968; Chawla and Katti, 1982; Strikwerda 1990; Cocchi and Cappello, 1990; Thomee, 1990;  In FDM approach, derivatives in the partial differential equation are approximated by linear combinations of function values at the grid points and are expressed as difference functions. The general difference representations of differential equations are as follows:
nn a n a a n a ijk ijk Δ xy Δx Δy
nn a n a a n a ijk ijk Δ xz Δx Δz
nn a n a a n a ijk ijk Δ yz Δy Δz
The FDM approach can be explained on a function shown in Fig. 1 . The function is discretized the length by using five (equi-spaced) points. The first, second, third and fourth order differential equation of this function at i'th point is expressed as discrete difference functions, respectively. 
Fourth-order derivative of i'th point is expressed with difference functions as follows: 
Euler-Bernoulli Beam Theory
The relationship between the beam's deflection and the applied load is described in The EulerBernoulli equation as follows: 
 

EIz x 
is the bending moment in the beam.
 
EIz x 
is the shear force in the beam.
Interacting Points of Euler Bernoulli Beams
The fourth order derivative of the deflection is presented in eq. (2). This equation is expressed with FDM as follows: 
As a result, the elastic function of Euler Bernoulli beam is expressed with interacting points. The interacting points group of i'th joint on the Euler Beam is shown in Fig. 2 . The coefficients of each interacting point are also shown in this figure. These coefficients are used in rigidity matrix calculations. 
Determining System Rigidity Matrix
If the beam is divided into n joints with equal distance from each other, eq. (3) is written for each of these joints, respectively. Then, the equation system is written in matrix format and the system matrices are obtained. In Fig. 3 , the interacting points group which is taken into account for each point of the beam is presented. These interacting points group is acted along the beam and system equations are easily calculated. 
According to this matrix expression, the general system equations may be written as follows:
     While system equations are produced, the interacting points group is carried along the beam as shown in Fig. 5 . However, when the point group operator is on 1., 2., (n-1). and n. joints, some points are outside the beam. Hence, the system equations seem missing. To complete equation system, some virtual joints are defined and the rigidity coefficients of these joints are determined according to the boundary conditions. In this boundary condition, both deflection and slope are zero. In second model, a general simple support is given. In this boundary condition, deflection and bending moment are zero. In third model, completely free end is presented. At the free end, both shear force and bending moment are zero.
The behaviors of virtual joints are determined considering these boundary conditions. Then, the system rigidity matrix is updated depending on the boundary conditions. 
. Completely Fixed Support at Left End
Two virtual points are added on the left part of the system to consider boundary conditions as shown in Fig. 7 . These virtual points are named as "a" and "b".
Figure 7. Virtual joints added next to the left end of the beam to consider boundary conditions When, interacting points group operator is on first and second joints, the deflection values of "a" and "b" joints are needed. These values are calculated depending on boundary conditions. At completely fixed end, the deflection and slope which is the first order derivative of the deflection are both zero. By using this boundary condition, the deflection values of the virtual joints are determined from the following equations:
The contribution of the virtual joints "a" and "b" to the rigidity matrix is determined by considering the interacting point group operator shown in Fig. 7 . The equations which obtained by placing the interacting points group on first and second joints are determined again as follows:
The displacement equation when the center of the interacting points group is on 1'th joint:
The displacement equation when the center of the interacting points group is on 2'th joint:
is substituted in equations above, following equations are obtained:
As it can be seen, new rigidity coefficients are added into system equations and these coefficients should be added to the rigidity matrix. Eq. (4) is the first joint equation; therefore, the coefficients of this eq. are added to the first row of the rigidity matrix. 2 k coefficient is added to the second column of the first row (it means it is multiplied with z(2) ) and 3 k coefficient is added to the third column of the first row (it means it is multiplied with z(3) ). Eq. (5) is the second joint equation; therefore, the coefficients of this eq. are added to the second row of the rigidity matrix.
3 k coefficient is added to the second column of the second row (it means it is multiplied with z(2) ). As a result of these operations, system rigidity matrix is updated as follows: 
Completely Fixed Support at Right End
After investigating left end of the beam, the same procedure is applied to the right end. Two virtual points are added next to the right end of the system to consider boundary conditions as shown in Fig. 8 . These virtual points are named as " a " and " b ". When, interacting points group operator is on (n-1)'th and n'th joints, the deflection values of " a " and " b " joints are needed. These values are calculated depending on boundary conditions. At completely fixed end, the deflection and slope which is the first order derivative of the deflection are both zero. By using these boundary conditions,
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The contribution of the virtual joints " a " and " b " to the rigidity matrix is determined by considering the interacting point group operator shown in Fig.   8 . The equations which obtained by placing the interacting points group on (n-1)'th and n'th joints are determined again as follows:
The displacement equation when the center of the interacting points group is on (n-1)'th joint:
k z n 3 k z n 2 k z n 1 k z( k z a n) q n 1 1 E I n 1
The displacement equation when the center of the interacting points group is on n'th joint: 
As it can be seen, new rigidity coefficients are added into system equations and these coefficients should be added to the rigidity matrix. Eq. (6) is the (n-1)'th joint equation; therefore, the coefficients of this eq. are added to the (n-1)'th row of the rigidity matrix.  ). Eq. (7) is the n'th joint equation; therefore, the coefficients of this eq. are added to the n'th row of the rigidity matrix. k coefficient is added to the (n-2)'th column of the n'th row (it means it is multiplied with z(n 2)
As a result of these operations, system rigidity matrix is updated as follows:
nn n 4 n 4 n 3 n n 4 n 3 n 2 n 1 n 
The displacement at the first joint is equal to zero because of the simple support. If   z 1 0 
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The contribution of the virtual joints "a" and "b" to the rigidity matrix is determined by considering the interacting point group operator shown in Fig. 7 .
The equations which obtained by placing the interacting points group on first and second points are determined again as follows:
As it can be seen, new rigidity coefficients are added into system equations and these coefficients should be added to the rigidity matrix. Eq. (8) is the first joint equation; therefore, the coefficients of this eq. are added to the first row of the rigidity matrix. 
Simple Support at Right End
The deflection values of virtual joints ( a and b ) shown in Fig. 8 The contribution of the virtual joints " a " and " b " to the rigidity matrix is determined by considering the interacting point group operator shown in Fig.   8 . The equations which obtained by placing the interacting points group on (n-1)'th and n'th points are determined again as follows:
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q n 1 1 k z n 3 k z n 2 k z n 1 k z( k z a n) E I n 1
The displacement equation when the center of the interacting points group is on n'th joint:
As it can be seen, new rigidity coefficients are added into system equations and these coefficients should be added to the rigidity matrix. Eq. (10) is the (n-1)'th joint equation; therefore, the coefficients of this eq. are added to the (n-1)'th row of the rigidity matrix.
3 k  coefficient is added to the (n-1)'th column of the (n-1)'th row (it means it is multiplied with z(n 1)  ). Eq. (11) is the n'th joint equation; therefore, the coefficients of this eq. are added to the n'th row of the rigidity matrix.
2 k  coefficient is added to the (n-1)'th column of the n'th row (it means it is multiplied with z(n 1)  ) and 3 k  coefficient is added to the (n-2)'th column of the n'th row (it means it is multiplied with z(n 2)  ). As a result of these operations, system rigidity matrix is updated as follows: 
The displacement values of virtual joints "a" and "b" are obtained from the solution of these equations as follows:
The equations which obtained by placing the interacting points group on first and second points are determined again as follows: 
Applying Boundary Conditions to System Rigidity Matrix for a Computer Program
In the previous section, the additional rigidity coefficients for each boundary condition are determined in detail. In addition to this, it must be considered that if there is a support at a joint of the beam, the displacement becomes zero. In rigidity matrix, this condition is accomplished by filling the row and column of that joint with zeros.
The diagonal value of the joint is also assigned as one. In computer program, a vector for representing boundary conditions is determined.
The name of the vector is "bc" which is the acronym of boundary conditions. The first column The flowchart developed to determine the coordinates of the joints is shown in Fig. 11 .
Interacting points group is moved along these joints after determining joint coordinates. 
The moment value of i'th joint is expressed with difference functions as follows:
In this statement, moment coefficient is defined as follows: The shear force value of i'th joint is expressed with difference functions as follows:
In this statement, shear coefficient is defined as follows:
Then the shear force value for i'th point may be expressed as follows: 
Numerical Application
As an application, a beam which has linear changeable cross section is selected as shown in 
